5~15 wt% MgO-CaO-Al 2 O 3 -SiO 2 (MCAS, fabricated by sol-gel method) glass is used as the sintering aid of AlN ceramics. The sintering is proceeded from 1350 o C~1550 o C, scanning electron microscope is used to observe the sintered morphologies and X-ray diffraction pattern are used to confirm the crystal structures. From the SEM observations, as 10wt% and 15wt% MCAS is added, AlN ceramics can be densified at 1500 o C and 1450 o C, which are much lower than the before studies were. From the X-ray diffraction patterns, the crystal phases of MCAS-AlN ceramics are AlN, Al 2 O 3 , and cordierite phases. In this study, the dielectric characteristics of MCAS-AlN ceramics are also developed as a function of MCAS content and sintering temperature.
Introduction
In the past, Al 2 O 3 , BeO, SiC, AlN and so on were comparatively considered to be used as the electronic foundation plate material [1] [2] . AlN (about 270 W/m o K) and BeO (250-300W/m o K) have attracted much attention because of high thermal conductivity, but BeO has the shortcoming of toxicity vaporization. For that AlN will be the most attractive materials for the electronic foundation plate material. AlN shows low sinterability because it is a covalent material with the wurtzite type structure [3] and the sintering temperature of AlN ceramic is higher than 1850 o C. In the past, many efforts were tried to create dense AlN ceramics at lower temperatures, because the increase in densification will enhance the thermal conductivity and lower the dielectric loss. However, it has been found that several sintering aids such as CaC 2 [3] , Y 2 O 3 [3] [4] , Ca(NO 3 ) 2 •4H 2 O [5] , CaO [3, 5] , Eu 2 O 3 [6] , CaCO 3 [7] , and CaN 2 [8] are reported to be useful for the fabrication of fully dense AlN ceramics. In this study, we also try to reduce the sintering temperature of AlN ceramics. In our past researches, MgO-CaO-SiO 2 -Al 2 O 3 [9] (MCAS) glass powder could be used as the low melting glass addition to improve the sinterability and lower the sintering temperatures of BaTi 4 O 9 [10] , Ba 2 Ti 9 O 20 [10] , and Ba(Mg 1/3 Ta 2/3 )O 3 ceramics [11] . In this study, 5~15wt% MgO-CaO-Al 2 O 3 -SiO 2 (MCAS) glass is used as the sintering aid of AlN ceramics. The analyses of XRD, SEM, and dielectric properties of MCAS-fluxed AlN ceramics are developed from 1400 o C ~ 1550 o C.
Experimental Procedure
A homogeneous glass of composition containing (in wt%) MgO 5%, CaO 19%, Al 2 O 3 26%, and SiO 2 50% (approximate stoichiometry MgO : CaO : Al 2 O 3 : SiO 2 =6.5 : 14.5 : 27.5 : 51.5, abbreviated as MCAS) was prepared by the sol-gel method. After the glass powder was formed in the solided format, the solids were collected by filtration and calcined at 300°C for 1hr. The resulting material was the MCAS glass precursor and 5wt%, 10wt%, and 15 wt% MCAS glass was mixed into the AlN powder (abbreviated as AlN-M5, AlN-M10, and AlN-M15, respectively). Then, agate balls were used to mill the powder samples for 1 hour with deionized water. After drying, the prepared powder was ground and mixed with 5wt% polyvinyl alcohol (PVA) as a binder and the MCAS-AlN powders were pressed into the pellets in a steel. After debindering, these pellets were sintered from 1400 o C to 1550 o C for 2 hours. The crystallization of MCAS-fluxed AlN ceramics was also investigated using X-ray powder diffractometer. X-ray diffraction (XRD) patterns were taken at 2θ=4 o per minute in the range 
Results and Discussion
During sintering process, according to the liquid phase sintering principle, the MCAS glass as sintering aid will produce liquid phase on surface of AlN ceramics. This liquid phase is helpful to eliminate the pores and promote the density and grain growth of AlN ceramics at lower temperature. After cooling, the liquid phase materials turn into the glass or glass ceramics between grains and grain boundaries. Typical X-ray diffraction patterns of MCAS-AlN ceramics are shown in Fig.1 as a function of MCAS content and sintering temperature. AlN phase and cordierite phase are obviously observed. The Al 2 O 3 phase, which is not observed in the AlN precursor, is also detected in the sintered MCAS-AlN ceramics. The existence of Al 2 O 3 phase is believed to influence the dielectric characteristics of AlN ceramics. The appearance of Al 2 O 3 phase suggests that the following reaction will happen:
Compared the results shown in Fig.1 Fig. 2(a) ), the grain growth is obviously observed and the pores are still residual. For 1500°C-sintered AlN-M10 ( Fig.2(b) ), the grain size increases and the pores decrease apparently, even less pores are still residual. For 1450°C-sintered AlN-M15 (Fig.2(c) ), a densified structure is obtained and almost no pores are observed. These results indicate that the addition of MCAS glass has improved the sinterability and lowered the sintering temperature of AlN ceramics. In Fig. 3 , the dielectric constant (ε r ) and loss tangent (tanδ) values of MCAS-AlN ceramics are compared as a function of sintering temperature and MCAS content, measured at 1MHz and 10 MHz.
The tanδ values decrease with the increase of sintering temperature and MCAS content, and the tanδ values saturate at 1500°C-sintered AlN-M10 and 1450°C-sintered AlN-M15. From the micrographs, the decrease in pores and increase in grain growth will be the reason. There are many reason will influence the ε r values of MCAS-fluxed AlN ceramics, including crystal phases, pores ratio, and grain growth. Because of the existence of Al 2 O 3 and cordierite phase, the ε r values have no apparent variation with the increase of sintering temperature and MCAS content.
For the application of AlN ceramics in high frequency, the dielectric constant (ε r ) and loss tangent (tanδ) are hoped to be as low as possible. For example, when AlN is used as a radio frequency (RF) window, a low tanδ value will minimize the power dissipation in the window and a low ε r value can make the impedance to match the window using easy [12] . Fig.4 shows the dielectric characteristics of selected MCAS-AlN ceramics, measured as a function of frequency. In the past, the space charge polarization was considered to be the main polarization mechanism for AlN ceramics at low frequency [13] . At room temperature, because the space charge polarization relaxation is unable to follow the change of field, the dielectric constants will decrease along with the increase of the measured frequencies. As the measured frequencies increase, the ε r and tanδ values of Fig.4 The dielectric characteristics of selected MCAS-AlN ceramics as a function of measured frequencies.
Conclusions
The 5wt%-MCAS-fluxed AlN ceramics can not be densified even sintered at 1550 o C, and 10wt%and 15wt%-MCAS-fluxed AlN ceramics will be densified at 
